The full blood count (FBC) is the most frequently requested laboratory test in France. The wealth of information provided by this multiparameter analysis can notably suggest specific diagnoses and can lead to discovery of a haematological disease in a fortuitous and timely manner so that appropriate clinical management can be instigated.
Requesting physicians lacking a solid haematology background base their interpretation of an FBC on the quantitative reference values provided by the laboratory. In France, as a usual practice, patients consult or receive, in most cases, the results of their FBC, read the results by themselves and then attempt to interpret them and to compare them with the reference values given on the results sheet.
The quality of laboratory tests is constantly improving. The technological development of analysers and control over the analytical phase reduce the risk of having to question the accuracy of the quantitative data of the FBC. Nevertheless, patients present to haematologists after interpreting their values as abnormal in comparison with the reference values given on their results sheet. There is no need to carry out structured surveys to demonstrate the very wide variability in the reference values provided by laboratories in mainland France.
Clinical pathology is currently undergoing change and restructuring and a regulatory requirement for all laboratories is to prove their accreditation procedures and hence to have recognised and validated reference values.
A group of experts from the French-Speaking Cellular Hematology Group propose on the basis of established methodological principles FBC normal reference values for use by all clinical pathology laboratories in mainland France.
MATERIALS AND METHODS Population
Data from 142 110 adult subjects, 63 729 men (44.8%) and 78 381 women (55.2%), were analysed. All subjects were aged 16-69 years and had a periodic health assessment (PHA) at the Inter-Regional Health Institute (IRSA) between 1 January 2008 and 31 July 2010.
IRSA consists of 11 Prevention and Public Health Centers (CPSP) located in the Central-West area of France. The number of subjects from each CPSP were: La Riche: 21 307 (15%), Hérouville-St-Clair: 20 981 (15%), St-Lô: 6747 (5%), Alençon: 11 605 (8%), Le Mans: 21 806 (15%), Angers: 19 812 (14%), Cholet: 7869 (5.5%), Saint Doulchard: 6217 (4.5%), Châteauroux: 10 789 (8%), Le Havre: 6727 (5%) and Laval: 8250 (6%). French legislation does not allow knowing the ethnicity of patients. However, the regions covered by the study are not known to be regions with a high percentage of non-Caucasians.
In France, the PHA is a regulatory service governed by law and available to all people affiliated to the general health insurance scheme, which covers 85% of the French population. The content of the PHA is determined by a reference document under the authority of the National Health Insurance Fund (Caisse Nationale d'Assurance Maladie) with input from medical experts. It is updated periodically and consists of three parts: (1) a selfquestionnaire (146 items) for the collection of socioprofessional and family data, behaviours notably diet habits, physical activity, habits of smoking and alcohol, and the subject's past and present health status, (2) laboratory tests including an FBC, lipids profile, a blood glucose measurement, liver function tests, and a urinary dipstick test for glucose, proteins, blood and acetone. Other tests (ferritin, serology for hepatitis B and C) may be added according to age, sex and context. HIV serology can also be carried out on the patient's request during the medical visit and (3) a medical examination based on the preceding elements to establish a summary of the subject's health.
A total of 142 110 individuals were initially analysed of whom 42 589 (30%) were in a situation of deprivation. The target populations in precarious situations are all remote system health people: lack of identification of referring physician, homelessness, unemployed, recipients of minimum income or assisted contracts. The score EPICES (Evaluation of insecurity and Health Inequalities in Health Examination Centers) is based on 11 questions to determine if a person is in a precarious situation. 1 Given that the percentage of deprived individuals in the French population is estimated at 13%, the initial population was rectified in line with this criterion. A random number was assigned to every precarious subject and 27 717 of them, the ones with the n lowest random numbers, were excluded. After rectification, the population consisted of 114 393 subjects, including 51 636 men (45%), 62 757 women (55%), and 14 872 precarious subjects (13%).
In order to determine normal FBC values in healthy subjects, 81 135 subjects were excluded from our study because of criteria liable to directly or indirectly modify FBC parameters. Eighteen exclusion criteria were used (table 1) , most commonly 'medication use' in 58 009 subjects (52.5%) or 'follow-up for disease' in 23 150 subjects (21%). In the end, 33 258 subjects, 19 612 men (59%) and 13 646 women (41%), were used to determine normal values in healthy adult subjects. Note that our study does not allow excluding patients with iron deficiency and/or thalassaemia/haemoglobinopathies.
Full blood count
Blood samples from subjects in a fasting state were collected from the elbow crease between 07:00 and 10:30 into Sarstedt tubes with K3 EDTA. They reached the IRSA central laboratory in Tours in less than 5 h. This laboratory is ISO 9001 certified.
The FBC was performed on an Advia 2120 analyser (Siemens France Holding SAS, 9 boulevard Finot-93 527 Saint-Denis Cedex 2, France) that was quality control tested three times per week by Eurocell Diagnostics (EUROCELL Diagnostics, 27, rue du Village de la Métairie-35131 Chartres de Bretagne, France) using three samples (low, normal, high) with a monthly report of results. Haematocrit on ADVIA 2120 is calculated. The result comes from mean cell volume (MCV) (measure) and red blood cell (RBC) (measure) with a cytometry flow technology. MCV on ADVIA system is measured directly cell by cell after a specific reaction used RBCs reagent. No impact of potential residual plasma could be observed, as with a manual technology. International units were used. 2 
Statistics
All analyses were carried out using Number Crunching Statistical Software 2007. The age groups had a width of 10 years, with the exception of one 4-year group (16-19 years) and four 5-year groups in women aged 40-59 years in order to refine FBC changes associated with the menopause. FBC variables by age and sex were described with means and SDs as well as by 23 percentiles, from the 1st to the 99th. The 2.5 and 97.5 percentiles were used to describe normal values. When establishing the normal values, adjacent age groups were merged when the statistical difference between them was non-significant. Comparisons between age ranges and between sexes were made using Kruskal-Wallis test.
RESULTS
The selected population, with age and sex distribution, is shown in table 2. It consists of 32 919 subjects, including 19 393 men and 13 526 women, aged 16-69 years, and closely representative of the population of mainland France. In addition, 339 subjects aged 70-79 years, 219 men and 120 women, were also analysed, giving a total of 33 258 subjects.
Results for the values of standard parameters used in everyday practice for the interpretation of the FBC are provided for every parameter, by sex and by age group, in the appendix section. The summary table (table 3) provides reference values by sex with upper and lower limits for subjects aged 16-69 years. Given the fact that a high percentage (91.7%) of subjects aged 70-79 are not eligible in a reference population, we present reference values for that healthy limited population (339 subjects) with no known comorbidities in online supplementary appendix 1.
Variation between different age groups was observed. Red cell parameters (see online supplementary appendix 2): For haemoglobin, in the age group 16-69 years, the mean ).
Platelet parameters (see online supplementary appendix 3): For the platelet count, mean values in women are higher than those in men. The values are, respectively, 269×10 9 /L (171-397) in men and 394×10 9 /L (186-440) in women ( p<10 −6 ). This difference is seen in all age groups analysed (p<10 −6 for each age group). For the mean platelet volume, the mean value is 8.7 fL (7.4-10.8) in men and 8.8 fL (7.5-10.9) in women (p<10 
DISCUSSION
The FBC is the most frequently requested laboratory test: it guides later additional investigations essential for diagnosing and monitoring the patient. It provides valuable information, provided that it is possible to distinguish between a normal situation and a pathological situation in a very diverse range of conditions. Under French regulations, all public-and private-sector laboratories must give normal reference ranges on FBC results sheets. These values vary widely between laboratories and are liable to lead to interpretation errors and also unnecessary worry in patients. As other tests, the results of FBC analyses could be dependent on the analytical phase. Furthermore, technical advances in automation and the continual improvement of quality programmes also contribute to the high homogeneity of the analytical phase of the FBC. The auto-analyser we used could have impacted on the values obtained, especially values from healthy subjects. If they do exist, they are probably minor and non-significant with the proviso that all requirements of the quality programme are respected ( preanalytical, internal and external quality controls). Mainland France, situated on the 45th North parallel, has a temperate climate even if mountain ranges are present. The French population living at an altitude higher than 2500 m is limited and so variations due to environmental pressure are of little significance. Although individual variations, in particular ethnic characteristics, cannot be ignored, we can consider that in mainland France, individuals do not exhibit variation inherent to where they live or where the blood sample was collected. For this reason, the values that we report in this study can be used by all laboratories in mainland France, regardless of the technical analysis platform in use, and their adoption by all laboratories would eliminate the risk of interpretation errors by physicians or patients.
Defining reference values is a delicate undertaking. The studies in the literature that include a sufficient number of patients investigated with current methods for performing an FBC 3 4 are limited. The FBC normal values given in French and foreign textbooks are also arbitrary, lacking references and usually old. 5 In September 1997, the National Health Accreditation and Evaluation Agency (Agence Nationale 6 Laboratories are therefore faced with the problem of providing normal values and not having national recommendations. With accreditation programmes, this problem is becoming a veritable cause for concern for directors of clinical pathology laboratories.
We have presented FBC normal data obtained between 2008 and 2010 in a population living in mainland France with established preanalytical conditions and modern analytical methods based on recent technologies. The population studied was large, consisting of 32 919 subjects selected after analysis of advanced clinical and biological criteria combined with a statistical/epidemiological approach to perform a final smoothing for societal criteria liable to interfere with the nutritional state (nutrient deficiencies, addiction, etc). The population investigated in this study can be considered to be representative of the current adult population of mainland France. We have also presented normal reference values for the population of healthy subjects aged 70-79 years, a population that often receives little attention in the literature. 7 For methodological reasons, this study did not include children; it only included adult subjects. Paediatric normal values have been presented in other works. [8] [9] [10] Given the French ban on entering the ethnic origin of an individual into an electronic database, it is impossible to present the biological variation related to ethnic origin, despite the multiethnic nature of the French population. Modifications in white cells and neutrophils count in subjects of African ancestry are known. 11 12 The questionnaire used for the PHA does not take into consideration exposure to environmental factors, pesticides, radiation, electromagnetic waves or genetic factors liable to modify certain haematological factors. Another limitation of our study is the lack of ability to eliminate in our population iron deficiency or any haemoglobinopathies.
Our study did not envisage normal values for reticulocytes as there is no reason to perform this investigation systematically beyond cases of suspected anaemia or in a PHA. Parameters provided by the auto-analysers and dependent on the analytical techniques or the mode of result expression implemented by the manufacturer, such as red cell distribution width or platelet parameters other than mean platelet volume, were not analysed.
The normal reference values presented here, very close to other data, 13 are proposed for use in everyday practice in order to be able to affirm without ambiguity the abnormal nature of any FBC parameter. Adoption of these normal values by all laboratories in mainland France should make it possible to interpret correctly an FBC from any adult subject, regardless of the laboratory and its geographic location. 166  167  166  167  147  149  149  149  151  151  150  152  150  95  166  165  164  164  163  163  164  145  147  146  147  148  149  147  148  147  90  163  163  161  161  160  161  161  143  144  144  144  144  146  144  145  144  85  160  161  159  158  158  158  159  141  142  142  142  142  144  143  143  142  80  159  159  158  157  157  157  157  140  140  140  140  141  142  141  142  141  75  158  157  156  155  155  155  156  139  139  139  139  139  140  140  140  139  70  157  156  155  154  154  154  155  138  138  138  138  138  139  139  139  138  65  155  155  154  153  153  153  154  137  137  136  136  137  138  138  138  137  60  154  154  153  152  152  152  153  135  135  135  135  136  137  137  137  136  55  153  153  152  151  151  151  151  134  134  134  134  135  136  136  137  135  50  152  152  151  150  150  150  150  133  133  133  133  134  135  135  136  134  45  151  151  150  149  149  149  149  132  132  132  132  133  134  134  135  133  40  150  150  149  148  147  147  148  131  132  132  131  132  133  133  134  132  35  148  149  148  147  146  146  147  130  130  131  131  131  132  133  133  131  30  147  147  147  146  145  145  146  129  129  129  129  130  131  132  132  130  25  146  146  145  145  144  143  145  128  128  128  128  128  130  130  131  129  20  144  145  144  143  142  142  143  127  126  127  127  127  128  129  130  128  15  142  143  142  142  141  140  142  125  125  125  126  125  127  128  128  126  10  140  141  140  140  139  138  140  122  122  123  123  123  125  126  126  124  5  136  138  137  137  136  135  137  119  118  120  119  119  122  124  123  120  2.5  133  135  134  134  134  132  134  115  114  115  115  114  118  121  121  117  1  128  132  131  131  130  127  130  107  108  109  107  108  113  118  118 351  351  351  350  349  349  350  347  346  346  345  345  345  344  344  345  70  349  350  349  348  347  347  349  345  344  345  344  344  343  343  343  344  65  348  348  348  347  346  345  347  344  343  344  343  342  342  341  341  343  60  347  347  347  346  345  344  346  342  342  342  341  341  341  340  340  341  55  345  345  346  345  343  343  345  341  341  341  340  340  339  338  338  340  50  344  344  344  343  342  342  343  340  339  340  339  339  338  337  337  339  45  343  343  343  342  341  340  342  339  338  339  337  337  337  336  336  337  40  342  341  342  341  340  339  341  338  337  337  336  336  336  335  334  336  35  341  340  341  339  339  337  340  336  335  336  335  335  334  333  333  335  30  339  339  339  338  337  336  338  335  334  335  334  333  333  332  331  333  25  338  337  337  337  336  335  337  334  332  333  332  332  332  331  330  332  20  336  335  336  335  334  333  335  331  330  332  330  330  330  329  329  330  15  334  334  334  333  332  332  333  329  328  330  328  328  328  327  327  328  10  331  331  331  331  330  329  331  326  326  327  326  326  326  325  324  326  5  327  327  328  328  327  325  327  322  322  323  323  321  322  322  321 
